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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve 
productivity of a highly safe nonaqueous 
secondary battery provided with a high discharge 
voltage and an excellent charge-discharge cycle 
characteristic by forming a specific protecting 
layer on a negative electrode and/or a positive 
electrode. 

SOLUTION: A nonaqueous secondary battery is 
constructed of a positive electrode and a 
negative electrode, which contain materials 
plastically storing/ releasing lithium, a 
nonaqueous electrolyte containing lithium salt, 
and a separator, and in the negative electrode 
and/or the positive electrode, at least one 
protecting layer formed of solid particles and a 
water soluble polymer is formed. In the 
protecting layer, conductive particles may be contained in addition to the solid 
particles and the water soluble polymer. The thickness of the protecting layer is 
1-40i m desirably. An inorganic chalcogenide particle is feasible for the solid 
particle contained in the protecting layer. A polyacrylic derivative or a cellulose 
derivative is feasible for the water soluble polymer. For the conductive particle, a 
carbonceous compound, natural graphite, and vapor phase growth carbon are 
desirable in particular. 
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Ni^.O, , Li, Co 5 V a _ b O z , Li, Co b 
Fen 0 2 , Li, Mn 2 0 4 , Li, Mn c Co 

0 4 , Li, Mn c N i 2 _ c 0 4 , Li, M n c V 
i-cO, , Li, Mn c Fe,., 0 4 , Li, Co b B 
»_ h O, . Li, Co. S i i_ b O, , L i , Mn, O 
4 iMnO, <DM^m, L i^MnO, <bMn0 2 (DM 
Li, Mn 2 O, , Li 2 ,MnO, <hMn0 2 (O 
40 S^i (CCCx=0. 2-1. 2, a = 0 . 1-0. 
9, b = 0. 8-0. 98, c=l. 6—1. 96, z 
= 2. 0 1-5) *&tfhti*> 0 *&wvmi<>hti2>$ 

htcftz ia> v rv^m&mmitmiEmmfyimt ut 

Li, C o 0 2 , Li, NiO, , L i , Mn 
0 2 , Li, Co, Ni^.O, , Li, Co b V,. b 
O r , Li, Co, Fe,., O z , Li, Mn 2 0 4 , 
Li, Mn c Co 2 . c 0 4 , L i , Mn t Ni 
2 _ c 0 4 , Li, Mn c V 2 . c 0 4 , Li, Mn c Fe 
2 _ c 0 4 (CCtx=0. 7-1. 2, a = 0. 1- 
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6. z = 2. 0 1-2. 3)&$>ift>ti2> 0 #2S9J-Cfl! 

ffitliUtti, L i, CoO, 4 L i, N i0 2 . L 
i, MnO, , Li. Co. Ni,., O, . Li, Mn 
, 0« . Li, Co, V t _ b O, (CCTx = 0. 7- 
1. 2, a = 0. 1-0. 9, b = 0. 9-0. 98, 
z = 2. 0 2-2. 3) ifi&ff e>ft&„ CCt\ JJBO 

[0037 ] jESSMK*. »**JK<k&b±3a»&M 10 

»©— »3&^». *»TSMr*ntfj:<. mas 2 

50-2000W$L/< 4 ^CC3 5 0- 1 5 0 0*C 

jSJiEccBSurtt2 5 0-9 o o •cr{R*s-r 

gfc»£L<t*2-2 0f$R8r&£ o £/c, JRH 

o*c-9 ootrT-Hi/Lrtic*. «jS^x#h« 20 
r^=f>, ^y>A % ^u^h>, +-fe-/>, n 

[0 03 8] **IB<OiE«?S»»©^J«K:|BU^ 9ff& 

HAm&b-ciittKinestitti^ b e ts^o . 
0 1-5 on?/ef>m&n,\ ztciEmZifyms g&m 

STkl 0 0m 1 Kigfrlstcm<D±M&?&<DpH£Cxi* 

«, Alt. *K-Jb5Jk BttSJk fG 

m#-;U$>k jam#-^5;k tt@«86S^* * h 5 

[0039] xmi&m^ztiznmmitiEmmn'g 

i(Dffl*^*>-t±tt. L < tt— «K ( 1 ) 
{fc£lft£Li, Co0 2v Li,NiO,,Li,Co 
a Nit., O, , Li, Mn0 2 , L i , Mn, 0< % 
&fc«Li, Co, V,., O z (CCtx=0. 7- 
1. 2, a = 0. 1-0. 9, b = 0. 9-0. 98, 
z = 2. 02-2. 3 ) <Dm&-£t>&T$> 0 % iKC^ttV 

»*f#4Cim*. 50 



»H 5 P9- 1 47 9 1 6 
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[004 0] ##Si£©fi&J#f4^<D 'J A» A<DSfi 

«:3-i o^sct&orfco. coaaacc^b-eriEffi 
fflSit^cc, o. 5-2fS(7>^a^wrffli^c:<b^ 
«. »;*^A&jg*>^&, 7*)\,v*v&tj:£) s nm 

CC, 0. 5-2{ScD^^r^Tffll^C<»:^H : ^U 
[004 1 ] ^tf>, jESW^KD "J Attl&iH^i&fiS 

«c'j*$A*#Akr*5<*§^ y^-JAfltJSiBiur 

>J?9A&flL (AL A 1 -Mn, 

Al-Mg, Al-Sn, A 1 - I n, A 1 — C d <b U 

[0 04 2] Sg^SOfctt. WIffl*li*fflK>7 i?- 

ti«fii-c*>j:c». ant. ^saiffi («t^is, mxttm 

SI (M. -»4rJk r;U^-^A % 

<D^JJDS«, l-5 01i%W^U<, #^2-3 0 

[0 043 ] MS^JtC«, a» % 4«y fcT-;b 

7*0 bVHr;l/D-x % W^-fe^p-x, 

p-^, #y tr^;i/^P»; f, tr^;i/b # py f>, 

fH7;i/tox^u>, ^ t J^{b^^- , ;f r >, ^ ! Jx 

^U>. ^'J^Pfl/X x^l/>-7*Dfl/>-yX 
>^-^»;v- ( E P DM) , X;U^>{bEPDM, X 
^U>^^i^x>rfA, ^y^^^x>. 7 ?f^A, 

A!itt^r ^> # »; v - tj; li^/diC^f) ©ig^ 

gjiirfflt^n^ $fc, ^ascDct^tcy^^Ai 

l-5 01t°/o^L<, ^2-3 011% 



(8) 
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^J^-X FCDpH^5«±l o*si, $e>CC«6W± 

8&7 B«rt«C««<*±^©Jfc*«rfT5 C ti)W£ b 
[0 04 5] -fe^U-*-<!:LTtt, *£fc^*>Sa 

feJCtt. 8 0^O±rJJB©l»IH*H*Ur«t5** 

if, «»*aiKr4««*«Foci»is«-c*i. en 

6<D»Jffl©BBSSfitt 9 0 "C«± 1 8 0 'OUT. £K)0 

SKuiio -c«± 1 7 o -chtc**. mmo^o 20 

n***n»r, **3tt0. 0 5 (im^6 3 0 Mint 

bafr&Jt*"r&*>^«?L^tt2 0K*>69 0%r&9, 

[0 0 4 6]*SW-bAU-^-tt t SmnJgLblO 30 
OMmHT, iW^b<«10ym«±80/2mt(T 

onm%&ts<b<Di>m$&<* Loot* 30% 
oeu>, yf>, •^•fe>, ?*{bx^u> v itfbtr 

'J^'pfux ^yx^u>£#y 4:7 *Mbx^u>£ 
*<D&#0. UmW5umT, #'Jx^u>. x^ 

si^y?-, x* u>-^^j^r>si^y7 
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-K r-^u^^h>, 1. 2-S-o<h**>x£ 

> % i>M*)\,*)\,y **zsY. 1. 3->>:*^V^>, 

xhp^^> k SfflM*Jk ft^y^ 
;k ^Ptr^vg^^k 7'at't>8i^k 

ft, x;u*^>, 3 2 -**-*rVViSs> s 
T'Pfc'l/^-^- Hsf^tt, f F7tKa77>8 
zgffc, yx^jl/x-fJk 1, 3 -r7n^>iJ\a, h>fr 
£<D&7u h >ttW*jaBKC^>tt < i ^ 1 SJiLh^rtl^ 
Lfcii9ii*©»«Cc*Wiy^'jAtt % Li 
CIO, , L i BF, . L i P Ffr , L i CF 3 S 

0, > LiCF, CO, % Li AsF 6 % LiSb 
F> . LiB l ,Cl 1 „ BMmttmXfrtf^WlV** 
A, Li A1C1, . LiCK LiBr, Li k * 

>*7-;K*- h&£l>tex^k>*77K~ h <b 1 . 2-S? 
^ h+'>x^>fc < j:oy^$mji;x^l/^^^ h 
Ofi^iKCCL i CF 3 SO, % LiCIO, . L i BF 
, *5cfcCX/*SC*ttL i PF 6 &&t*W&&im&L> 
l*K xf U>*^ h i^x^i^-^ - h(D^I 
(fCL i B F 4 l»ttL i PF S 

m^K(D?Sg«, p;?F;i/Sfc»)0. 2 - 3 * 

[0 04 8] S)»ffiOffi(C%(D««ca»««K«> 

Li©»ta, Aoy^t», K3RKtttt£3PJ:< 
*D6<iri>6. tt^Tfe, L i 3 N, L i I , L i , N 

1, , Li, N-Li I-LiOH, LiSiO, , L 
iSiO, -Li I-LiOH, xLi, PO, -(1 
-x) L i « Si0 4 . Li 2 S i S,\ mtVXt'S 
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y-;UT^>, SBtKx-f-Jk xfu^r^X n- 

- ju^t ;i^;ux - 7^k 0®t> j &x^as, *v 
;k A1C1 3 . v-ttHEftKa)*-/-* 

62-287, 580), EHfg*X*x^Ai*. =®X 30 

x Atlrtc £* ifimi htxh. 
[0 0 5 0] *fc % *JB«*^«tt«:r4A:a&«:S^n 

[oo5i] JEnm<Dmn&t un*. «tessftfc«» 40 

-y*Jk 7;^x«^A 4 KfRfr Effete T^U 

£X^A^*^>U;^CD3l®K#-^> % x^>r;k 

«C % 7^ $ x^ A*^»C^7^ $ x.^ A^W^ L 



$5f§^9- 1 479 1 6 
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<*tt£#JBl>6ti&. ftCCBBES titter 1 

— 5 0 0 um<Di><D&m^t>tl*>o 
[0052] =1 4 *>-K 

'j^-XP-;^ ^i/^hP-;i/ft, :/u-Ftt % 

rffi, -r-f *^-Xffi«¥tfsc 

Ftt* t^7SMx 
^xh;^^ 3 >S^lUo iW, 0. 1-10 
Om/^cr)jES-ClliSSn^Ci^JhF$bl>. 
^0**»tt, ^jnatc^t>^r, _hlB^^S^3l 

fflSti/cttJISr. 1-20 00 Min*5«p«cJfiF4Ut» 0 
[0053]-cu^h *>S/- h CDKMX«K*^ffii L 

mm,. »9m, m»9m* i^mc; 

l». 8 0-3 5 0 •C©MH*«»* L < . 4$CC 1 0 

0-25 0 -CCDftH*i#* ^*S«, ^?tk^f*r 
2 0 0 0 p p mfilT#Jff* L/ < . iE«^W. ©ffi^ffiH* 
«»«r»**ti*n5 0 0 ppmJMT«cr*C4^-< 

C> 0 ^UXEft #tc|B5c3nttC^ 0. 2-3 t/ 
cm 2 ##*0l» o *U>^-^'UXffi©7'UXiIK« 
0. 1^50m/»^iU< 4 ^UXfig«fa-2 
0 iEffi^- FCc*fTSfifli^- HI© 

Jfctt, 0 . 9 - 1 . 1 * U < , 0. 95 — 1. Offi 

[0054] i^^J^>" h i-fe^u-^-^Ltl^a 
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&<D^icmmta<DftK±m<D)tfm£ lx . nmmtcm 

fc«fcl\, £/c. S5cm*t^<bbr, «iftrtEE<D±#f«:J: 

Milttt Li, CO, , LiHCO, , Na, CO 
3 . NaHCO, . CaCO, . MgC0 3 &<b'©KB! 

[oo55]fi*y- k«i* % fco^i^ 20 

is-b. y-K«©*«ffi«\ (R ftttX 

£c<t#r#£ 0 mum*s-)\,m*. Txvrtovuz 

"CSS. 

[0 05 6 ] *»?8©**z:^«ife©flai*K:tt. *5fCcIB 
£S titter W*«, ^ffigCCStST^*^, * =7 30 

LT V ttlMPI. 

it, xhn^, Bams t^x^^- « 

[0 05 7] 
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[0 05 8] 1 

-«<fc§B13. 5g, raMBi«3. 6g t BMfc^y* 
'>^A0. 6 4 g{fctS5f?t0. 6 9g£&5«g^ 
U tjus ^SSoSccAti. 7;^>SitT15'C 
/»tiooo-c$r3Si//c e i2oo B cnoB$H 
«KELfc«. i o'c/ftvmuict'cmuL. 
OBXomur, c*i*tit&»u $p>tcv>*? h$)W 

»*U ¥&3&&4. 5/im(DSnSi 0 . 6 Mg, (J B 
o., 0,. 7 Mbfrttl -A) &f*fc. £/c, CuKag 
*jm^cX^In]fr&K:foa>T2 0ffir2 8" ttjfiCCHj£ 

4 0- K±7 0- «T«ctMSatt©@*r«ttm6*itt* 

[0059] s«<D*tt-c. -e-n^n<k^sss<D/i» 

&SL 0»U TKGHt&toiPHt. SnS i 



0 . s 


Mgfo.2 O,., ( 1 -B) % SnSi,., 


A lp., 


Mg 


o., 0,. 7 ( 1 -C) . Sn S i o.6 Po 


.2 Mg 


0 . 2 


O,., (l-D),SnSip.,Alo.i 


Bo., M 




i O l>75 ( 1 - E ) » SnSi tiJ Pp., 


Bp. a M 



0 2 . 7 ( 1 - F ) . 
[0 06 0] JOfcM-1 

m^x. ^n^8 8it%, mKVUfkm6mm%<DW\& 

iliWLTX^ >;-«f¥HLA:. IS^^ 1 8 a 

fiffia«rftofc. ISb«, fi@a(D±CC v a-A 
1, 0 3 (?%SUm) 9 711% 

txh(0%M, a. b*Rj»a*u>y-^ux««:j:0 

tS>"- ha^7 8//m, tS^hb^lOOMmt 
^>o^o stmtntisX, LiCoO, ^8 711%, 
^K-ttMIS6fifi%, T-is^U>^?^3U9C k $ 

3 it% <b # y r * y h y a i mm%£to?L . 

7k*«W*i LT^LTf#e>n/c^^ y-*/*3 2 0m 

iEffia*ffo/c. iEffibtt. JESacr)±CC. a-A 1 , 
O, (fftfiaum) 9 711%, ^;u^+^>y^;u 
•fe^D-^ 3MM%CO^XU^L, KZM&tLXM 
misXAv V-itLtc&V&mftLXftt&Ltc. Ctlh 
(DIE®, a. b£S£*£, 7'UX 4 WW0iE«^-h, 
a, b£fEo/c„ JE@^>-h©il^«, JEfiS^-ha^ 
25 0 /urn, iES^- b b&2 6 5 /imrft^c. 



(11) 



9-147916 



19 



20 



h a £iEg->- h a . h b ilEgi'- h b 

ffl) <tm?feB ($^) fcflfofc. mS->- Hb^O'iE 

@~>- KD-e-n-eriSSSPK: -en-en- r^s- 

T©&*g£Si* r 1 5 0 'C 2 ttlflUMcfOi U/c„ 3 6 
(C. ffii*^^f*iES^-> (8) . SS^Tl&tf'J^a 
fU>7 4 )\,J**n*\s-Z- (fe;W-K2400) . 
IfeKSaSSr^ftSf - h (9) fcitf-fe^U-*- (1 
0)©wresiJlu cn^#ii^T?g^#^«:«[i io 
Otc. 

[0 06 1 ] CCWSHft^ftS^***!*. 
^ -^*?rifeL//c^iS<DWSnflSSm?feSB (11) (URM* 



1 


0. 


9 2 


2 


1 . 


0 2 


3 


1 . 


0 0 


4 


0. 


7 8 


5 


0. 


9 8 


6 


1 . 


1 2 


7 


1 . 


0 3 


8 


0. 


9 1 


9 


0. 


8 1 


1 0 


0. 


5 4 



* Ofc 1 L3/cOL i PF 6 <t L i B F, 0. 9 

5. 0. OSmol^WU ig&#x^u>#-#*-- 
hii/x?;!/*-^- h 2 : 8§Sig^K*>6fc*§ 
Sl^m«:aAi/c 0 iE§ffi^£Wir£iir&^ ( 1 
2) h (13) ^/rbr^u^rpqi^M^rfe 

£flEiSL/c 0 ft**. lEfflWF- (12) «iE^>- h 
(8) <b k ^Sfeffi (11) «m@^>- h (9) t&hfr 

M£^L/c 0 ^C*J. (14) tt££#r&£ e ^r&A 

(itiJiffl) <tm?feB (*^) om^rt 

f&L, ImA/cn/ "C4. 1 5 V £ r3c^ L /dIL 6 0 

4. 1 2 
1 0 
08 

0 9 

1 1 
1 3 
1 1 
0 8 

0 9 

1 1 
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[0062] 

4. 1 5 V*t?3lsaL/c. 3E«^Fa©«?fe(D 

coo63] mmm- 3 

sesB«- 1 xm^tcnmtm -A©**>otc, i-b 
1 ©fifr>- h b tmmzs- h a 

»**SE*.r5/- bM2 8 0 jimiLfclE©^- hci 

UrifeB mrtfeE 

1 8 8 8 9 

2 8 7 8 9 



40 



4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 

#1-1. 
m) 94] 

mm t r x -7 h t c /c i> <o & m& u x r$ m l tc & <o & 

ISciL/c. fiffi^-FCCc*ffiffl-r4«^«*?6B 

or, mmm- 1 tmmumm^n^tctc^. mm 
mm- 1 ±mm%:t&$k*mt>titc. 

WfcW- 6 

SBK04- l(D©@acO±tc, a-ALQ, (¥W1S1m 
m) 9.4.-*5ttK* vitV-V?>4. 511 

JBT*filJ*tt«»B £H»fcfl*l,fcWft*F£ Oft. 

$mm-i<DmifcB. $mm- soo^e. ^?feF£^ 

tl-etll Offi-J-DftWlO. 4. 15-2. 8VT3t^O 
/c<t#5mA/cm 2 T'CDfifc^gSi 1 m^/cm 2 -COfifcmg 
«*«DEL*Ote*4»te. **©tt*S»«»B<D 
1 0 0%iU/ci^CDfiI^r^b/c o 



8 1 

8 2 
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(12) 

3 9 0 

4 88 

5 89 

6 8 8 

7 88 

8 89 

9 8 8 
10 8 8 

i mA/on* (omm^m^ 1 0 0 

HSS^-7 

m) 9 3mm%. s?n«miS3ms%, tfi^wtt*- 

yf>31i°/o, ^Jl/t;bP-x 1 11% 

mmw- i (DIES a tmmox&vwiiimcDfr&bisX 

h c^O'^SV- h d±^cmS«f4l g^/c0 12 0mq 
a*cr>j5S^S«m?ikGCDgS^ 10 0%il/citO 

m&G mmn 30 

1 8 8 8 0 

2 8 9 8 1 

3 8 8 8 0 

4 8 8 7 9 

5 8 9 7 7 

6 8 9 7 8 

7 8 8 7 8 

8 8 8 8 0 

9 9 0 7 9 
10 8 9 8 0 

ImA/cm 2 <0ftm*£S¥i3 1 0 0 7 5 



147916 
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8 9 

9 0 

8 9 

9 0 
8 8 
8 8 
8 9 
8 9 

1 0 1 



8 2 
8 2 
8 1 
8 2 
80 
8 2 
8 2 
82 
8 9 



< , 5 mA/ cm 2 <D&m^&/ 1 mA/cm 2 (D&mSfitCS 
[0064] 

8 jEffi^- h 

9 *«R/-h 

10 te^u-dr- 
1 1 Hffeft 

1 2 mtfe^ 

13 MXtrvb 
14 



40 



(13) 

mi) 



#Sa¥9 - 1 4 7 9 1 6 




